Pustulibacterium marinum gen. nov., sp. nov., a member of the family Flavobacteriaceae isolated from the Bashi Channel A Gram-reaction-negative, non-spore-forming, gliding, non-translucent, colourless or yellow, aerobic and elevated-colony-forming strain, designated E403
analyses based on 16S rRNA gene sequences of members of the family Flavobacteriaceae showed that strain E403
T formed a distinct evolutionary lineage within the stable cluster containing type strains Zhouia amylolytica HN-171 T (92.2 % similarity) and Joostella marina En5 T (92.4 % similarity). In addition to the large 16S rRNA gene sequence differences, E403 T can also be distinguished from the reference type strains J. marina En5 T and Sinomicrobium oceani SCSIO 03483 T by several phenotypic characteristics and chemotaxonomic properties. On the basis of phenotypic, chemotaxonomic and phylogenetic properties, strain E403 T is suggested to represent a novel species of a new genus in the family Flavobacteriaceae, for which the name Pustulibacterium marinum gen. nov., sp. nov. is proposed. The type strain is E403 T (5CCTCC AB2012862 T 5CGMCC 1.12333 T 5KCTC 32192 T ).
The family Flavobacteriaceae was established by Jooste (1985) , and its description has been amended subsequently (Reichenbach, 1992; Bernardet et al., 1996 Bernardet et al., , 2002 Bernardet & Nakagawa 2006) . At the time of writing, this family contains about 113 recognized genera (NCBI, taxonomy) and more than one-quarter of them are marine-related. Accordingly, members of the family Flavobacteriaceae represent a group of bacteria that are non-spore-forming, short to moderately long rods and Gram-negative, with MK-6 as the major respiratory quinone and DNA G+C contents ranging from 27 to 67 mol% (Bernardet et al., 2002; Lee et al., 2008) . In this study, strain E403 T was recovered from a surface seawater sample. Data from the present polyphasic taxonomic study indicate that strain E403
T represents a novel genus and species of the family Flavobacteriaceae in the phylum Bacteroidetes.
Strain E403
T was isolated from surface seawater in the Bashi Channel by the dilution-plating technique on modified NaST21Cx (Shimkets et al., 2006 ; with 0.2 % soluble starch supplement and replacement of distilled water with natural seawater). The isolate was further cultivated at 28 uC on SMA plates (simplified from marine agar 2216, contains 0.5 g peptone, 0.1 g yeast extract, 0.1 g ferric citrate, 18 g agar powder, 1 l natural seawater, pH 8.0) and peptone-starch agar plates (2 g soluble starch, 0.2 g peptone from casein, 1 l natural seawater, pH 8.0; Sipkema et al., 2011) , and maintained as glycerol suspensions (glycerol/natural seawater, 20 : 80, v/v) at 280 u C.
For comparative studies, the type strains Sinomicrobium oceani SCSIO 03483
T and Joostella marina En5 T , obtained from the isolator and China General Microbiological Culture Collection Center (CGMCC), respectively, were used. Cell morphology was examined by light microscopy (Nikon) and transmission electron microscopy (TEM System-H7650; Hitachi) after negative staining with 1 % (w/v) phosphotungstic acid. Mobility was tested using the hanging drop technique (Bernardet et al., 2002) . Pigment extraction and inspection was done according to Surendra et al. (2012) . The Gram-reaction was determined by using cells grown on SMA at 28 uC for 24 h, according to the method described by Gerhardt et al. (1994) . Catalase activity was investigated via bubble production in 3 % (v/v) hydrogen peroxide solution; oxidase activity was determined by oxidase test strips (Huankai, China). Hydrolysis of starch and Tweens 20, 40, 80 and endospore formation were determined as described by Dong & Cai (2001) . Substrate utilization (sole carbon source) and chemical sensitivity were determined by using Biolog GEN III MicroPlates and API 20NE (bioMérieux) according to the manufacturers' protocols. Growth in the presence of 0, 0.1, 0.3, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 10, 15 and 20 % (w/v) NaCl was tested in SM1 (SMA without agar powder and seawater replaced with pure water), growth at pH 5, 6, 7, 8, 9 , 10 and 11 was tested in SM1 [supplemented with 3 % NaCl (w/v) and the following buffer systems: pH 5, 0.1 M acetic acid/sodium acetate buffer; pH 6-8, 0.1M KH 2 PO 4 / K 2 HPO 4 buffer; pH 9-10, 0.1 M glycine/NaOH buffer; pH 11, 0.1 M Na 2 CO 3 /NaOH buffer]. Growth at 4, 10, 16, 22, 28, 37, 43 and 45 u C was tested on SMA. The cultural, physiological and biochemical characteristics of strain E403
T are given in the species description and in Table 1 . Strain E403 T can be differentiated from S. oceani SCSIO 03483 T by the highly raised colonies on SMA; however, on SM3 medium (containing 5 g peptone, 1 g yeast extract, 0.1 g ferric citrate, 18 g agar powder, 1 l natural seawater, pH 8.0), the extent of the raised colonies was largely discounted. Both E403 T and SCSIO 03483 T can be distinguished from J. marina En5 T using the features of yellow pigmentation and watermark-like margins of J. marina En5 T turned pale yellow after they were incubated under light for 3 days. Growth temperature can also be an important feature for distinguishing E403 T , S. oceani SCSIO 03483 T and J. marina En5 T , as strain E403 T did not grow at 10 u C and the maximum temperature for growth of strain E403 T (43 uC) was between those of J. marina En5 T (37 u C) and S. oceani SCSIO 03483 T (45 u C). Spectral analysis of acetone extracts indicated that both E403 T and the two reference type strains contained carotenoids (454 and 481 nm).
Cell biomass for DNA extraction and quinone analyses was obtained from cells grown on SM2 after 3 days of incubation at 28 u C; biomass for polar lipid and cellular fatty acid composition analyses was from cells grown on SM3 under the same conditions. Respiratory lipoquinones were extracted according to Collins (1994) and analysed by reversed-phase HPLC as described by Komagata & Suzuki (1988) . Polar lipids were extracted as described by Kamekura (1993) , and identified by two-dimensional TLC with the appropriate detection reagents (Tindall, 1990) . The cellular fatty acid composition was determined by using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions. The fatty acids were analysed by GC (G6890; Agilent) and identified by using the Microbial Identification software package (Sherlock version 6.0B). The G+C content of the DNA of strain E403
T was determined by using the HPLC method (Mesbah et al., 1989) .
The respiratory quinones of strain E403
T were menaquinone 6 (MK-6, 93 %) and MK-7 (7 %), while there was no MK-7 detected in J. marina En5 T and S. oceani SCSIO 03483 T . The polar lipids of strain E403
T comprise phosphotidylethanolamine, two unidentified aminolipids, five unidentified phospholipids and three unidentified lipids, while strain S. oceani SCSIO 03483 T contains phosphotidylethanolamine, three unidentified aminolipids, two unidentified phospholipids and four unidentified lipids, and J. marina En5 T contains phosphotidylethanolamine, three unidentified aminolipids, four unidentified phospholipids and three unidentified lipids. The most obvious difference in polar lipids among strains E403 T , S. oceani SCSIO 03483 T and J. marina En5 T was that E403
T had the lowest amount of phosphotidylethanolamine (Fig.  S1 , available in IJSEM Online). The cellular fatty acid profiles of strain E403 T and related genera are presented in Table 2 . The major cellular fatty acid components in E403 T were iso-C 15 : 0 (26.13 %), iso-C 17 : 0 3-OH (20.15 %), iso-C 15 : 1 G (12.22 %), summed feature 3 (C 16 : 1 v7c/C 16 : 1 v6c, 10.15 %), iso-C 15 : 0 3-OH (6.07 %) and C 16 : 0 (5.32 %). Although E403 T , J. marina En5 T and S. oceani SCSIO 03483 T had similar major fatty acids, the abundance of each was different, for example, E403
T had little summed feature 9, but an abundance of iso-C 15 : 1 G. The DNA G+C content of strain E403 T was 37.9 mol%.
The nearly complete 16S rRNA gene sequence of strain E403 T (1421 bp) was obtained by PCR amplification with the universal primers 27F and 1492R (Lane, 1991) . Alignment of 16S rRNA gene sequences of members of the family Flavobacteriaceae was performed by using the SINA software package (Pruesse et al., 2012) and SILVA rRNA database. Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Swofford, 1993) , and maximum-likelihood (Felsenstein, 1981) methods in the software package MEGA version 5.0 (Tamura et al., 2011) . The genetic distance matrices were estimated by the Kimura two-parameter model (Kimura, 1980) . The topology of the phylogenetic trees was evaluated by using the bootstrap resampling method of Felsenstein (1985) with 1000 replicates. Preliminary sequence comparisons with 16S rRNA gene sequences deposited in the GenBank/EzTaxon-e (Kim et al., 2012) databases indicated that strain E403 T belonged to the family Flavobacteriaceae in the phylum Bacteroidetes. On the basis of 16S rRNA gene sequence similarity, type strains S. oceani SCSIO 03483
T (Xu et al., 2013) , J. marina En5 T (Quan et al., 2008) , Zhouia amylolytica HN-171 T (Liu et al., 2006) and Imtechella halotolerans K1
T (Surendra et al., 2012) shared 92.9, 92.4, 92.2 and 92.0 % sequence similarity with strain E403 T ,
respectively. In the neighbour-joining phylogenetic tree ( Fig. 1 ) based on 16S rRNA gene sequences of members of the family Flavobacteriaceae, strain E403 T formed a distinct branch within the stable cluster containing genera Joostella and Zhouia; the topology was also supported by maximum-parsimony and maximum-likelihood trees ( Fig. S2 and S3 ).
On the basis of the large phenotypic, chemotaxonomic and phylogenetic differences from closely related genera and species, we suggest that strain E403 T represents a novel species of a new genus in the family Flavobacteriaceae, for which the name Pustulibacterium marinum gen. nov., sp. nov. is proposed.
Description of Pustulibacterium gen. nov.
Pustulibacterium (Pus.tu.li.bac.te9ri.um. L. n. pustula a blister, pimple, pustule; L. neut. n. bacterium a rod; N.L. neut. n. Pustulibacterium a bacterium like pustule, referring to morphology of colonies on SMA).
Cells are Gram-reaction-negative, aerobic, non-sporeforming, gliding rods. Catalase-positive and oxidasenegative. The polar lipids are phosphotidylethanolamine, two unidentified aminolipids, five unidentified phospholipids and three unidentified lipids. Major fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 1 G, summed feature 3 (C 16 : 1 v7c/C 16 : 1 v6c), iso-C 15 : 0 3-OH and C 16 : 0 ; the respiratory quinones are MK-6 (major) and MK-7 (minor). The DNA G+C content of the type species is about 37.9 mol%. Member of the family Flavobacteriaceae. The type species is Pustulibacterium marinum.
Description of Pustulibacterium marinum sp. nov.
Pustulibacterium marinum (ma.ri9num. L. neut. adj. marinum belonging to the sea, marine).
The description is as for the genus with the following additional properties. Cells are usually 0.5-0.88 mm wide and 0.83-3.15 mm long (Fig. S4) . Colonies on SMA are smooth, shiny, colourless or pale yellow, non-translucent, circular with entire edges, and raised obviously, like pustules, while on peptone-starch agar, they are white. Growth occurs at pH 6.0-9.0 and 16-43 u C in the presence of 0.3-8 % (w/v) NaCl or natural seawater, and optimally at pH 8, 28 u C, in natural seawater medium. No production of H 2 S or utilization of urea; nitrate is not reduced. The type strain, E403 T (5CCTCC AB 2012862 T 5CGMCC 1.12333 T 5KCTC 32192 T ), was isolated from marine surface water, collected in the Bashi Channel.
